warning notice that making minimum payments increases interest and time to repay, along with a designated example. The necessary statement must also give a telephone number that the consumer may call to receive an "estimate" of the number of months to repay an outstanding balance if the consumer makes only the minimum required payments. The law permits an exception from some aspects of the new mandates if the creditor is willing to provide the "actual" number of months to payoff to those who call rather than an "estimate." In this case, the example is not required and the warning notice may be anywhere on the billing statement with a telephone number the consumer may call for "further information."
In either situation, the act requires the Federal Reserve Board to provide creditors with methodology and guidance for preparing the new disclosures. This obligates the Board to define the terms and to designate the proper calculating methods for both the "estimate" and "actual" months to payoff. Creditors can then decide whether to provide the "estimate" or the "actual" months based on their individual evaluations of the importance of using the first page of their billing notices for this sort of warning and example instead of other information, together with their assessments of the costs and burdens imposed in providing the disclosure alternatives. This paper examines the assumptions necessary for calculations underlying the "estimate" of and "actual" number of months to payoff, uses simulations to illustrate the sensitivity of the disclosures to the underlying assumptions, and examines the degree to which the assumptions correspond to the way that consumers actually use credit card accounts, the most common form of open end credit. For the latter discussion, the paper employs consumer survey evidence and data from a large sample of credit card accounts at major card issuing banking institutions to explore how often actual account use behavior may or may not render the required disclosures rapidly obsolete. 1 This amendment also mandates procedures for providing to requesting consumers by telephone an "estimate" of the number of months it would take them to pay off their balances if making only the minimum mandatory payment.
Background
Unlike the latter disclosure given only to those who call, the three disclosures required on the billing statement are not specific to individual accounts and may be preprinted:
1) a warning notice that making only minimum payments permitted under the credit contract will increase interest and the time to repay;
2) a required simple example of time to repay a hypothetical account of a certain size with a 17 per cent annual percentage rate and a "typical" payment amount specified in the statute and dependent on other aspects of the example; and 3) a telephone number the consumer may call "for an estimate of the number of months it would take to repay your balance, making only minimum payments...." (paragraph 1301a(11)(A)).
This section of the act also provides for an exemption from requiring the otherwise mandatory warning notice, the example, and the telephone number on the first page of the billing notice for those institutions willing to provide by telephone the "actual" number of months to payoff. 2 In this situation the creditor may place the warning notice anywhere in the statement, may omit the example, and must indicate a toll free telephone number the account holder can call "for more information" about the time it takes to repay (paragraphs 1301a(11)(J) and (K)).
To supply guidance to those receiving such telephone calls, To illustrate, an account with three sub balances and three corresponding periodic interest rates (for purchases, cash advances, and special promotional convenience checks, all of which are common on consumers' accounts) the relationship is quite complicated algebraically, even with simplified expression of other aspects of the terms. For example, representing a system with monthly compounding always at the end of the month, no grace period, a constant fixed payment of the same percentage of the outstanding balance month after month (with an absolute minimum), no further additions to the account balance after the starting balance except interest, and never a default or late payment would require more than twenty equations, including definitions.
Much of the complexity of the system arises from the need to adopt payment allocation rules when there are multiple sub balances, even with a straightforward payment allocation approach like a revenue maximizing assumption that assigns the payments received fully to the sub balance with the lowest interest rate until it is completely repaid. Then payments can be allocated in full to the balance at the next higher rate and so on until the entire amount is paid in full. Much more complicated systems are also possible. 2) Statutory assumptions. The program calculates the months to payoff based on an account where there are no further additions to the account balance or any subtractions except the required minimum balance (the explicit statutory assumptions).
There are no convenient alternative specifications for this condition, both because of its statutory nature but also because allowing alternatives would lead to a virtually limitless list of contingent possibilities.
3) Balances and rates. System solution requires an input of balances and rates. These amounts vary among consumers' accounts and there is no correct selection or combination for use as illustrations, but simulation solutions can show the sensitivity of estimates of time to payoff to various balances and compounding rates, both individually and together. Source of the information used in actual disclosures to consumers might become a differentiating factor between an "estimate" and provision of "actual" number of months to payoff.
In the solution examples that follow, balances of $1000, $3000, and $7000 are chosen for illustrative purposes, along with interest rates of 17 percent, 12 percent, and 8.99 percent. These balances and rates represent a fairly standard set of terms available in the marketplace for credit card accounts. Balances of $1000, $3000, and $7000 represent a possible range of revolving balances from relatively small to relatively large.
Likewise, annual percentage rates of 17 percent, 12 percent, and 8.99 percent are rates that can be found in the marketplace, ranging from relatively high down to relatively low. 4) Compounding/balance computation method. The base assumption about compounding arises from the statutory example.
The example uses the previous balance method of compounding in which the finance charge is calculated at the end of a month dependent upon the ending balance that month after deduction of the payment received. An alternative specification is the more common average daily balance approach in which finance charges accrue and are compounded daily. Use of an average daily balance calculation also requires some further timing assumptions, however.
First, use of an average daily balance method for the new disclosures must make some assumption about the number of days in each given month to which it applies. The easiest approach is to assume that all months are the same length (30.41667 days) to account for the full 365 days in a year, ignoring leap year).
Since the required disclosure is number of months and not number of days to payoff, it does not matter that the months each include a fractional day. In this way the calculation accounts for 365 days over twelve months without requiring specification of a starting month (and ignoring any leap year effects).
Second, calculations using the average daily balance approach must make some assumption about dates of crediting the payments. One possibility is to assume crediting on the last day of the billing cycle, which is the approach in the simulations that follow. Then a finance charge on the remaining balance accrues and compounds daily until the last day of the next period. An alternative is to assume the payment arrives uniformly on some other day (say, day 25 of the billing cycle or at mid month) or that payments arrive on random days. The latter is likely unreasonable, since most people probably pay their credit card bill sometime toward the end of a billing cycle. Any timing choice for illustrative purposes is arbitrary, but a better choice than payment on the last day is not immediately obvious, and so this assumption is chosen for the base set. It is easy enough to compare results to the case of payments received uniformly at mid month or some other time. applies.
Solution Examples
The solution simulations show that an "estimate" of time to payoff is sensitive to each of the underlying calculating assumptions. In particular, the simulation solutions show that changes in outstanding balances, interest rates, and rule for minimum payment size each influence estimated time to payoff sharply.
In contrast, both sets of solutions show that choice between the previous balance and average daily balance compounding methods has very little impact on estimated time to payoff, given the balance size, interest rate, and minimum payment size rule.
The compounding method choice changes the estimated time by more than one month in only two examples in the table. Both of these instances occur when the initial balance is large, the rate is high, and the account holder makes only the minimum required payment for decades, not a likely combination.
The simulations demonstrate that the basic order of magnitude of the required minimum payment percentage (say 2 percent versus 4 percent) has a substantial impact on time to payoff (compare Part 1 of Table 1 Concerning the alternative of obtaining the necessary information from consumers who call, there will be some inconvenience for consumers in providing the necessary information over the telephone. They must consult their monthly disclosures to obtain the data, and they must enter the required information item by item into a touch-tone telephone or speak it over a voice-activated telephone response system. The amount of this inconvenience and the chance for errors likely rises with the number of necessary input items, a matter of some concern with modern credit card plans. In the past, single rates that applied to the entire balance were common, but today many credit card accounts have multiple annual percentage rates applying to multiple sub balances, as indicated previously: one rate for balances arising from purchases using the credit card, another rate for cash advance balances, and further rates that apply to balance transfer amounts, amounts from special promotions, introductory offers, etc. Because of the potential complications that arise from any necessity for consumers to supply multiple rates and balances, some observers have proposed substituting a single rate and balance into the mathematical calculation instead of the actual multiple rates and balances of the actual account terms. The contention is that the error from applying a single rate to the whole balance is not so great that it destroys the advantages of this simpler approach, especially given the amount of error in the calculations arising from the necessity of employing a list of other assumptions anyway. Possibilities for a single rate include highest rate for any sub balance on the monthly statement and some sort of composite rate (weighted average or arithmetic average of actual rates). The composite rate approach would still require consumers to enter multiple rates into the telephone response system, but it would not require entry of associated multiple sub balances unless the composite rate were to be a weighted average based upon outstanding balances. In choosing the approach of having consumers provide the necessary information, a number of further issues arises:
First, if multiple rates and balances are used, there must also be a rule specifying how payments received are allocated between the various balances. One obvious possibility (mentioned earlier) is to adopt a revenue maximizing assumption and assume allocation of the entirety of payments received to the balance to which account with the lowest rate applies until that balance is paid in full. As the balances at the lower rate are repaid, interest accrues on higher rate balances until the rule allocates payments to them upon full repayment of the low rate balances and interest. This is the approach used in the computer program that produces the simulations in the tables.
Second, as mentioned, using any single rate and balance in lieu of contractual multiple rates and balances produces varying degrees of inaccuracy to the calculation and the resulting disclosures. To explore degree of inaccuracy through additional simulation, Table 2 shows calculated time to payoff employing the same hypothetical $3000 and $7000 balances of Table 1 but using alternative approaches to allocation of rates and balances. Each of the allocation alternatives in Table 2 compares time to payoff to the single-rate benchmark of Table 1 , first for the 2 percent payment rule and then the OCC payment rule sections of Table 1 (Parts 1 and 3 of Table 1 , respectively).
The initial alternative in each of the two subsections in Table 2 Table 2 to benchmark #1 and lines 6 and 9 to benchmark #3).
The reverse is true if the comparison is to the lower of the single rates (comparisons to benchmarks #2 and #4, respectively). Under the current regulatory structure, required sub balance disclosures on billing statements for open end accounts are the balances to which periodic rates apply for purposes of calculating a finance charge. 4 Under the common average daily balance method of balance calculation, these balances are the average daily balances and not the ending balances needed in the formula used to calculate time to payoff. In many situations average balance and ending balance will be similar (months in which there is little or no account activity except a minimum payment, months where the account activity is small relative to balance outstanding, or when most activity occurs early in the month, for example), and some account issuers voluntarily disclose both on their monthly statements, but in other cases they will diverge sharply and they are not separately disclosed.
Use of composite rates (the other lines of
Specifically, average daily balance will diverge sharply from ending balance in any month when a large transaction occurs (credit advance or payment) near the end of the billing cycle.
Since such months are likely to be disproportionately months in which consumers call the disclosed telephone number for an estimate of time to payoff, this can introduce a substantial amount of error to the telephone disclosures made, regardless of the assumptions made in other areas. An approach of requiring each creditor newly to disclose ending sub balances by category may increase the accuracy of an inaccurate calculation somewhat for some consumers who call, but at the expense of requiring the necessary system changes to produce this outcome for all account holders who potentially might call, including those who do not do so.
Fourth, there will need to be some mechanism to insure that the consumer does not quote some short-term or temporary rate such as a preliminary "teaser" rate to induce opening an account but which will automatically change to a higher rate within some reasonably short period of time. If the caller reports a teaser rate rather than the "go to" rate, the estimate of time to payoff could be biased downward, possible sharply depending upon the difference between the teaser rate and its replacement.
2) Sources of information on minimum payment sizes. It seems it is necessary to assume some rule or another for calculating the required minimum payment rather than relying upon input from consumers by telephone. Accepting information from consumers could lead to further inaccuracy for two reasons: 1) the amount of the current minimum required payment on consumers' monthly statements reflects in most cases a percentage of the current balance, which declines over time reducing the required paymenta decline not reflected in the current required minimum payment amount; and 2) the current required minimum payment may include late charges and other fees that are not recurring, or are at least are independent of the contractual minimum payment not due to fees. Consumer misstatements of contractual minimum payments arising from these sources could lead to substantial underestimates of the time to payoff, as shown by comparing the two sections of Table 3 to the first two parts of Table 1 .
The sections of Table 3 and the first two parts of Table 1 are alike except that Table 1 uses alternatively the 2 percent rule and the OCC rule for calculating the required minimum   payment and Table 3 uses the payments calculated by the two rules for the first month as the minimum payment consistently, month after month. Consumers themselves may well mentally approach the minimum payment issue the latter way, believing that the time to payoff should reflect the constant amount required by the current monthly statement, although it does not appear that this is the assumption contemplated by the new disclosure law. The table shows that estimated time to payoff is considerably shorter if the payment amount calculated by the formulas for the first month is used consistently.
The potential error produced by consistently using the dollar amount of the first payment to estimate time to payoff would be compounded if the dollar amount were to include any current fees like late charge or over-limit charges. The statutory assumptions imply that minimum payments arrive each month and so they also imply no future late charges. By the same assumptions, there is no future use of the account and so the balance will eventually fall below the contractual maximum, even if it exceeds this limit today and over limit charges apply this month or for some time into the future. But if such fees are addons to contractual minimum payment required then they should not be included in the calculation of time to payoff otherwise under the contract. Including them in a dollar amount used as a minimum payment formula proxy would systematically further bias the time estimate downward, sharply in many cases.
"Actual" number of months to payoff.
The alternative disclosure approach of paragraph 1301a(11)(J) concerning disclosure of the "actual" number of months to payoff rather than an "estimate" raises a variety of additional technical and policy issues. 5 The statute does not define either term or specify the differences between them, apparently leaving those responsibilities to the Federal Reserve.
Presumably the kinds of calculations discussed to this point and maybe some others could serve in producing "estimates" of time to
payoff, but as a technical matter the term "actual" is potentially much more problematic. It seems the definition would have to be forward looking based on information available to the disclosing creditor at the time of the disclosure and not subject to post hoc disputes at a later time when all information were known, for example interest rates in the intervening period.
These and other legal matters are undecided at present and await further consideration. As a policy matter, it seems the "actual" number of months would be preferable to an "estimate" and disclosure should be encouraged. A possible distinction between actual and estimate mentioned above concerns the degree to which the initial conditions for the calculation derive from the creditor's information system rather than from a telephoning consumer. For "actual" months a telephoning consumer might connect somehow directly to the creditor's accounting system, say through its customer service department's call center. The system could provide telephoning consumers with the calculated actual number of months to payoff using the set of, or some acceptable subset of, the current account balances from the consumer's account records, actual rates that currently apply to these balances, and actual current compounding methods and minimum payment formulas for that consumer's account, rather than relying on assumptions in these latter areas.
The statute itself offers encouragement for the "actual" months disclosure, in that it loosens the requirement that new disclosures occupy space on the front page of billing statements.
Before creditors would avail themselves of this possibility there would still need to be clear answers to some additional questions:
First, they would need clear guidance on the correct formula to apply. Presumably this would be the same formula used for "estimates," but clarification would be necessary. the day before, two days before, a week before, the end of the previous billing cycle, or some other time might in some cases substantially impact the "actual" months disclosed, but some choice would be necessary.
Third, a creditor using an "actual" approach for one class of accounts or in one or more of its subsidiaries would need to be assured that using an "estimate" approach for other accounts or other subsidiaries does not somehow place it in violation when the responses from the two permissible, but different, systems offer different responses.
Fourth, creditors using this option would have to be assured that some assumptions required under the "estimate" method are still permissible (no late charges, over limit fees, or grace periods apply, assumed timing rules are the same, etc.).
Fifth, there would need to be assurance on a host of potential legal issues. For example, creditors would need to be assured that their adherence to a reasonable security system does not inadvertently put them into violation of Truth in Lending.
For example, a creditor that requires in good faith an account number and password before connecting a consumer to the system should not be penalized or sued for a violation if the consumer is unable or unwilling to enter the password.
Even with assurance on these points, it seems that creditors likely will be concerned over comparisons showing that the same sets of facts do not produce the same results at different creditors. It seems that lack of congruity between the Federal Reserve/FTC system and those of creditors that provide "estimates" will be an issue of discussion. January. In all, 2,000 consumers were questioned. 6 The surveys found that just over one-third (35 percent) of holders of bank type credit cards with a revolving feature said they hardly ever pay their balance in full. When asked for more detail about the payment sizes they actually made, 7 percent said they hardly ever pay more than the minimum and another 9 percent of cardholders reported that they only sometimes pay more than the minimum amount due, for a total of 16 percent reporting they pay the minimum amount at least more than infrequently.
Consumers' Account Use
As discussed earlier, the new disclosure of time to payoff would only be accurate for card users who regularly pay the minimum each month and then do not make additional charges on their cards, regardless of the other calculating assumptions or sources of information on other initial conditions. From the consumer surveys, cross tabulating minimum payers against those who responded to another question that they stop using the card when making minimum payments found only about 4 percent of bank type card holders fall jointly into both groups. Thus, based on consumer survey evidence, it appears that the proposed new disclosure would be reasonably accurate for only a very small proportion of holders of bank type credit cards, even if the other assumptions and initial conditions were appropriate.
2) Sample of Credit Card Accounts. Beyond the consumer surveys, specific information on consumers' payment patterns has heretofore been available only to the creditors who issue the cards. They are able to review their own credit files to ascertain the patterns of card use and repayment, but even they do not have access to account information of their competitors and such information has been mostly unavailable to outside analysts.
Fortunately for the illustrative purposes here, a number of large credit card banks made available a sample of account information to the Credit Research Center for studying just such questions. Overall, they provided twelve month account histories for more than 300,000 randomly selected credit card accounts during the year 2001. Originally the data on individual credit card accounts were collected in three parts: a sample of card accounts from college-student marketing campaigns, another sample of accounts of young adults but not from a college marketing program, and a larger sample of more typical accounts not from a college program and not exclusively young adults. A finding that about two-fifths of account holders making the minimum payment in a particular month does not mean that they always make minimum payments, however. Using more months of data, it appears that most of the minimum payers in the initial month considered do not always make minimum payments going forward.
Notably, a bit under one-third of minimum payers in the initial month continue to make minimum payments for another six months after the initial month, while the others at least sometimes paid more than the minimum although not necessarily paying in full (see notes to line 4 in the table). This means then that only about 12 percent of accounts paid only the minimum for each of the seven months investigated (line 4A of Table 4 ). This proportion is much like the findings from the consumer surveys where 7 percent said they hardly ever pay more than the minimum and an additional 9 percent of cardholders reported that they pay more than the minimum amount due sometimes, for a total of 16 percent reporting they pay more than the minimum amount only sometimes or hardly ever.
The (Table 5) . After six months, only about a quarter of the initial disclosures remain accurate under this criterion.
Furthermore, the magnitudes of the percentage errors increase as well. After six months, about half of the initial disclosures are off by more than 50 percent (that is, a new disclosure would add or subtract 50 percent to or from the original duration). With a finding of this sort, it seems difficult to argue strongly that the initial account-specific disclosure would be more useful than a simple generic reminder that constantly paying the minimum could lead to a long repayment period.
Even this dismal accuracy finding may be more optimistic than the facts warrant. It is possible that some cases deemed accurate actually are counted as such by coincidence rather than by fact. For instance, an account whose initial disclosure is still deemed accurate at the six months point may receive this designation because its balance outstanding is similar at that time to the initial balance, but the balance could have varied dramatically (and, therefore, the accuracy of the initial disclosure varied widely as well) within the time interval. Thus, in such cases it seems a final designation as "accurate" seems more coincidental that actual.
To explore this possibility, calculations were made on another definition of accuracy that eliminated the chance of "accuracy" in a later month only by coincidence. This second standard of accuracy requires that the original disclosure be accurate within 10 percent throughout the whole time period.
Thus, disclosure on an account that is off by more than 10 percent one month later is counted as inaccurate, even if by coincidence it should again become counted as "accurate" in some later month.
By this definition of accuracy, the approach of an initial payment duration disclosure appears mostly unpromising. This second definition of accuracy reveals that only about 18 percent of initial disclosures are accurate after six months (Table 6 ).
The proportion deemed accurate also varies sharply by account use behavior. Not surprisingly, almost no convenience users receive disclosures that are still accurate after passage of six months.
This comes about, of course, because of the nature of accounts used largely for the purpose of making payments rather than as a credit source and the account balances can fluctuate substantially by month. In contrast, about half of minimum payers, about 6 percent of card accounts, receive an initial disclosure defined as still accurate after six months. This proportion also is very consistent with the 4 percent of card holders identified in the consumer surveys as minimum payers and not further using their cards when they pay the minimum amount. "Pure convenience users" are those who pay accounts in full at least five times in seven months.
Conclusion
"Convenience users" are those who pay account in full three or four times in seven months.
"Payers" are those who pay account in full one or two times in seven months.
"Fluctuators" are those who at least sometimes pay more than 5 percent of their balance but do not pay the balance in full in seven months. However, the different sampling frameworks adopted by the various companies resulted in some differences in the distribution of accounts by account age (months since initial opening), as well as the initial month and subsequent duration of the observation period. To obtain a more uniform data set for analysis, the observation period for each account was restricted to the first twelve months of monthly statement data provided by each issuer. The sample was further restricted to accounts that had been open for thirty-two or fewer months as of the end of the observation period for each account. Thus, the final data set contains accounts open from one to twenty-one months at the beginning of the observation period and for most of which twelve months of subsequent account information is available. Some accounts in the restricted sample have fewer than twelve months in the observation period because they charge off or close.
1 For a fuller description of the data collection see John M. Barron and Michael E.
Staten, "College Student Credit Card Usage," Georgetown University Credit Research Center Working Paper Number 65, 2002. As described there, the data set collected had three components representing accounts as part of the card issuers' college student marketing programs, accounts opened by other young adults, and accounts held by older individuals. For the analysis reported here these components were appropriately weighted so the weighted sample is representative of the age distribution of each issuer's overall portfolio.
Weights were constructed to reflect the relative size of each issuer's portfolio in the pooled group. Due to varying intervals over which the accounts were sampled across the five companies and different levels of specificity across companies in reporting the underlying population from the different categories of accounts, it was not possible to construct statistically ideal weights.
Nonetheless, the weights used can be considered to provide a data base of the twelve-month experience of over 300,000 accounts that were 
